Abstract We present high-angular-resolution Hubble Space Telescope (HST) optical and near-infrared imaging of the compact planetary nebula (PN) IRAS 21282+5050. Optical images of this object reveal several complex morphological structures including three pairs of bipolar lobes and an elliptical shell lying close to the plane of the sky. From near-infrared observations, we found a dust torus oriented nearly perpendicular to the major axis of elliptical shell. The results suggest that IRAS 21282+5050 is a multipolar PN, and these structures developed early during the post asymptotic-giant-branch (AGB) evolution. From a three-dimensional (3-D) model, we derived the physical dimensions of these apparent structures. When the 3-D model is viewed from different orientations, IRAS 21282+5050 shows similar apparent structures as other multipolar PNs. Analysis of the spectral energy distribution and optical spectroscopic observations of the nebula suggests the presence of a cool companion to the hot central star responsible for the ionization of the
Introduction
Planetary nebulae (PNs) are traditionally known for their simple spherical, shell-like structures. Their morphological structures are often classified as round, elliptical, or bipolar (Balick 1987) . After the development of high-dynamic-range CCD imaging, especially after the launch of the Hubble Space Telescope (HST), many complex internal structures have been discovered. These include multipolar lobes, circular concentric arcs, two-dimensional (2-D) rings, jets, knots, ansae, extended halos, and equatorial tori.
Multipolar nebulae are defined as objects that possess at least two pairs of axial symmetric structures. The first multipolar PN were discovered in the Instituto de Astrofísica de Canarias morphological survey of Galactic PNs (Manchado, Stanghellini, & Guerrero 1996) . Five objects (M2-46, K3-24, M1-75, M3-28, M4-14) were identified by Manchado, Stanghellini, & Guerrero (1996) as PNs with quadrupolar structures. Multipolar PN found in subsequent deep and high-dynamicrange optical imaging include Hen 2-47 and M 1-37 (Sahai 2000) , NGC 6881 (Kwok & Su 2005) , NGC 6072 , NGC 6644 , NGC 5189 , Kn 26 , NGC 6058 , NGC 6309 (Rubio et al. 2015) , Hen 3-1333 and Hen 2-113 . Under earlier classification schemes, these objects were classified as "elliptical" and/or "bipolar". Even large, well-known PN, e.g., NGC 2440 ) and NGC 7026 , are now known to be multipolar.
Recent classification schemes find 12% of 150 post asymptotic-giant-branch (AGB) stars (Manchado et al. 2011 ) and 20% of 119 young PNs (Sahai, Morris, & Villar 2011) to be multipolar. A study of multipolar or quadrupolar PNs by Hsia et al. (2014) suggests that these multipolar structures could be the result of interactions between previously ejected AGB winds and later-developed fast winds, the presences of the structures are ascribed to the multiple phases of fast winds separated by time or directional variations. What is the nature and formation of multipolar lobes? Although some studies have discussed this issue (García-Segura 2010; Kwok 2010; Velázquez et al. 2012) , the origin and exact physical mechanisms responsible for these structures are still unresolved.
The PN IRAS 21282+5050 (PNG 093.9-00.1, hereafter referred to as IRAS 21282) was first discovered by Infrared Astronomical Satellite (IRAS) for its strong infrared emission (UIE) features (7.7, 8.6, 11.3 , and 12 µm) in its IRAS low-resolution spectra (Cohen, Tielens, & Allamandola 1985; Jourdain de Muizon et al. 1986 ). These features are part of a family of unidentified infrared emission bands (3.3, 3.4, 6.2, 7.7, 8.6, 11.3, 12. 6 µm) commonly seen in carbon-rich PNs and PPNs (Kwok, Volk, & Hrivnak 1999) . In addition to common UIE bands, weaker features at 3.46 and 3.52 µm are also seen (Jourdain de Muizon et al. 1986; Jourdain de Muizon, D'Hendecourt, & Geballe 1990; Nagata et al. 1988 ). High-spectral-resolution observations have identified features at 3.40, 3.46, 3.52 as due to aliphatic C-H stretch of methyl and methylene groups and the 3.45 µm as due to C-H stretch of an aldehydes group (Hrivnak, Geballe & Kwok 2007) .
In this paper, we present results of our morphological study for IRAS 21282 based on optical and nearinfrared images taken with HST. These images reveal the unique morphology and properties of the PN. The observations and data reduction procedures are described in § 2. In § 3 we present the results of imaging and spectroscopy in the optical and near-infrared for this source. From photometric and spectroscopic observations from radio to ultraviolet (UV), we constructed a spectral energy distribution (SED) and discuss the energetics of the central source in § 4. A comparison of our observations with a three-dimensional model are presented in § 5. A discussion of the implications based on a comparison of studied multipolar PNs is given in § 6. Finally, a conclusion is given in § 7. Fig. 1 The complex morphological structure of IRAS 21282+505 is shown in this HST/ACS F606W broad-band image. At the center of the nebula is a bright cylindrical shell (labeled "g"). In the outer regions, three pairs of bipolar lobes (marked as a−a ′ , b−b ′ , and c−c ′ ) can be identified. Along the E-W direction is an extended region which could be the counterpart of the torus seen in the NICOMS image (Fig. 3) . The intensity display is on a logarithmic scale and the scale bar is given at the bottom in units of ergs cm Visible  ACS  F606W  5919  2342  5×1  2002 Dec 07  9463  F606W  5919  2342  60×1  2002 Dec 07  9463  F606W  5919  2342  250×2  2002 Dec 07  9463  WFPC2  F656N  6564  22  20×2  1999 Aug 23  8345  F656N  6564  22  140×2  1999 Aug 23  8345  F656N  6564  22  400×2  1999 Aug 23 ′′ 027 pixel −1 . The actual observations were made with different exposure times (from 5 s to 250 s) to allow for the imaging of both the bright central region and the faint outer parts.
In addition, we also retrieved narrow-band observations using the Wide Field Planetary Camera 2 (WFPC 2) on HST through the observation program 8345 (PI: R. Sahai) on 1999 August 23. The nebula was imaged by the Planetary Camera (PC), which has a FOV of 36.
′′ 8 × 36. ′′ 8 with a pixel scale of 0. ′′ 045 pixel −1 . The narrow-band imaging observations were made with narrow-band F656N (Hα) filter (λ c = 6564Å , △λ = 22Å).
The standard HST pipeline calibration has been applied to all data. Successful bias subtraction and flatfield correction were performed. Data were taken in two-step dithered positions to enhance spatial sampling and cosmic rays removal by using the task crrej in the STSDAS package of IRAF. The journal of observations is summarized in ′′ 075 pixel −1 . The total exposure times for these two observations (F160W and F205W) are both 384 s. The data were reduced and calibrated by the standard HST NICMOS pipeline. Standard flat-field correction and bias subtraction were performed. The multiple images of each band were combined together using the calnicB task in the STSDAS package of IRAF. A summary of NICMOS observations is also given in Table 1 .
Optical spectroscopy
Optical mid-resolution spectra of the nebula were performed on the night of 2011 September 26 with the 2.16 m Telescope on the Xing-Long station of the National Astronomy Observatories of China (NAOC). An Optomechanics Research Inc. (OMR) spectrograph and a PI 1340 × 400 CCD were used, which result in a two-pixel resolution of ∼ 2.0Å . The spectral coverage of the observations is from 6300 to 7600Å . To allow greater throughput for the weak emissions of faint nebulosity observed on this run, a slit width of 3.
′′ 0 was set through bright core of the source along the northsouth (NS) direction. The diaphragm sizes of the slit can cover most parts of this object. The exposure times ranged from 1200 to 6900 s, resulting in signal-to-noise ratios (S/N) of > 80. The seeing conditions during the observing run varied between 2.
′′ 2 and 2. ′′ 8. Exposures of He-Ar arcs were obtained right before and after each A final spectrum for the nebula was produced using the combined OMR observations to improve the S/N and a summary of the spectroscopic observations is given in Table 2 .
Results

Multiple lobes
Our HST ACS broad V-band (F606W) image of IRAS 21282 (Figure 1 ) clearly shows that this nebula is extended along the N-S direction with a size of ∼ 8.
′′ 51 × 6. ′′ 15, which is slightly larger than the size of 6.
′′ 5 ×4. ′′ 8 measured from the first optical image observed at Canada-France-Hawaii Telescope (Kwok, Hrivnak, & Langill 1993) . Three pairs of bipolar lobes (labeled as a − a ′ , b − b ′ , and c − c ′ ) emanating from the center of this nebula can also be seen. At the center is an elliptical cylindrical shell (marked as g) along the approximate SSE-NNW direction (PA = 157
• ). Another extended diffuse structure (labeled as "torus") can also be seen along the E-W direction around the waist of this nebula.
The axes of these three pairs of lobes a − a ′ , b − b ′ , and c − c
′ intersect approximately at the position of the central star seen in Figs. 2 and 3. The position angles (PAs) of these three bipolar lobes are measured to be PA = 139
• ± 3 • , 13
• ± 2 • , and 35
, and c − c ′ , respectively, which are not perpendicular to each other. Sizes of the lobes are measured by fitting the ellipses to the image. These three bipolar lobes have similar projected sizes on the sky. The measured angular sizes of three pairs of lobes Fig. 1 is not found in the NICMOS images. North is up and east is to the left. The intensity display is on a logarithmic scale and the grey scale bar is given at the bottom in units of ergs cm
′′ 64, and 9. ′′ 66 × 3. ′′ 04. Precise distances of PNs are extremely difficult to determine (see e.g., Stanghellini et al. 2017 ). Based on a comparison between the systematical velocity and the Galactic rotation, Likkel (1988) suggested that IRAS 21282 is close to the Sun with a distance of < 2 kpc. However, Shibata et al. (1989) found that in order to reach good agreement between the kinematical age of gas and the evolutionary age of the central star, one has to assume a distance of 2 kpc. A larger distance value of 3.38 kpc was derived from the four IRAS band fluxes, assuming a total infrared luminosity of 8,500 L ⊙ for compact PNs (Casassus et al. 2001) . The recent data release (DR) of Gaia trigonometric parallexes of a large sample of PNs has allowed the derivation of modelindependent distances for more PNs. Stanghellini et al. (2017) and Kimeswenger & Barría (2018) presented the distances of PNs in Gaia DR1 and DR2, respectively. The parallex of IRAS 21282+5050 was published in Gaia DR2. However, Bailer-Jones et al. (2018) argued that reliable distance cannot be obtained by inverting the parallax. Instead, they obtained distance scales by using a weak distance prior according to Galactic model, suggesting a distance of 3.57 +0.26 −0.22 kpc for IRAS 21282+5050. This more reliable distance allows us to evaluate distance-dependent parameters of this PN with higher accuracy.
Adopting the distance of 3.57 kpc for IRAS 21282 (Bailer-Jones et al. 2018) , the physical size of the total extent of lobe a − a ′ is ∼0.17 secθ pc , where θ is the inclination angle. Assuming the expansion velocity of 50 km s −1 (Cohen & Jones 1987) , we derive a kinematic age of ∼ 3400 secθ yr. This is consistent with the earlier suggestion that IRAS 21282 is a very young PN (Kwok, Hrivnak, & Langill 1993) .
The WFPC Hα image (Figure 2 ) shows an elliptical cylinder shell surrounding a bright central star. This shell corresponds to the cylinder-shaped structure labeled g in Figure 1 . This elliptical cylinder structure has an angular size of 4.
′′ 92 × 3. ′′ 01. The major axis of the structure is oriented at PA = 159
• ± 3 • , which is different from the axis of the lobe a − a ′ . The nebula shows an edge with high density contrast as well as several clumpy regions (Figure 2 ). It is possible that these regions are the results of projection of interlaced multiple lobes and/or ionized non-uniform dense nebula emitted by the central star. Several low-density regions (d, e, f, h) associated with the lobes a − a ′ and c − c ′ are also found. The multiple lobes seen in IRAS 21282 may represent the directions where the UV photons are escaping.
Dust torus
The two broad-band near-infrared F160W and F205W images (Fig. 3) have similar appearances. The counterparts of bipolar pairs a − a ′ and b − b ′ can be seen in Figure 3 , but the c − c ′ bipolar lobe is not. The central region of the nebula shows an elliptically shaped structure of size ∼6.
′′ 11 × 4. ′′ 13 with two prominent peaks along the ENE-WSW direction. The symmetry axis of the infrared nebula lies at the PA of 155
• ± 2 • , which is almost the same orientation as the elliptical shell structure observed in the Hα image (see Section 3.1). The nebula is therefore likely to be an infrared counterpart of the Hα cylinder-shaped shell. These two bright peaks (separated by 1.
′′ 65) lie along an axis with PA = 63
• , which is perpendicular to the major axis (polar direction) of the nebula.
If the double-peaked structure seen in the F160W and F205W images represent an oblique torus, then the emission from these two peaks could be the result of projection of a toroid viewed edge-on, implying that the elliptical nebula is oriented close to the plane of the sky. Such toroidal structures can be found in the PNs with binary nuclei (e.g., NGC 2346, Su et al. 2004 ) and (M2-9, Castro-Carrizo et al. 2010), and has been interpreted as the result of sweeping up previously-ejected AGB circumstellar materials by a later developed fast, collimated wind (Mastrodemos & Morris 1998 ).
This torus is not obvious in the Hα image, probably because the dust torus is optically thick to the UV photons and the this structure is not ionized. The nearinfrared morphology of IRAS 21282 ( Figure 3 ) seems to be consistent with that at H-band (Cheng 2005) , 2.2 µm (Meixner et al. 1993) , and H 2 images (Davis et al. 2005) , all of which show a central peak, probably the result of diffuse scattering light from the central star or as the result of the low resolution of these images. Further comparisons between our HST NICMOS observations with the deconvolved infrared images at 3.3, 8.5, 10.0, 11.3, and 12.5 µm of Meixner et al. (1993) and Keck ones at K-continuum, L ′ , Ms, and PAH bands of Cheng (2005) show that the elongation direction of this nebula and the locations of two bright peaks are very similar, which indicates that the infrared emission in these images are mainly dominated by the same dust continuum or some contributions from UIE bands (Meixner et al. 1993) . The dust component heated by the starlight escapes more directly through the polar direction. The presence of dust torus in IRAS 21282 also suggests that the mass of the waist part is much larger than that of its poles. a The line fluxes were normalized to F(Hα)=100 and percentage uncertain errors of the flux measurements are given within brackets. b Error measured using the method described in Manick et al. (2015) . c Originated from the companion star.
d From Gaussian fitting routine of closed lines.
Optical spectroscopy
Although optical spectra with different resolutions of this nebula have been presented by Cohen & Jones (1987) and Leuenhagen & Hamann (1998) , their studies focused on the spectral type of central star, velocity distributions of lines, and element abundances of nitrogen, neon, and silicon of the nebula. We have performed new spectroscopic observations and the results are shown in Figure 4 . (Cohen & Jones 1987; van der Hucht et al. 1981) .
From the flatness of the quotient spectrum through IRAS 21282 divided by a reddened O7-type star (see Figure 3 , Cohen & Jones 1987) , an extinction coefficient value of A v = 5.8 mag was derived. This implies an E(B-V) value of 1.88, which can be attributed mostly to the circumstellar extinction. The emission line fluxes and their radial velocities (RVs) measured from the spectrum are listed in Table 3 . The measured central wavelengths of the emissions and line identifications are listed in Columns 1 -3. Column 4 and 5 give the observed and dereddened fluxes (normalized to Hα = 100) measured using the Gaussian fitting routine for this nebula. The RVs of the line features measured from our observation are given in Column 6. Although the Hα line measurements are affected by central-star absorption, the flux uncertainties due to the effect are relatively minor. The raw integrated Hα flux measured from main nebula for this object is 3.24 × 10 −13 erg cm −2 s −1 . The characteristic uncertainty of flux measurements is about 24%. The line ratio of [Nii] λ6584/λ6548 of IRAS 21282 is 3.2, in good agreement with the theoretical predictions. Using the [Sii] λ6731/λ6717 line ratio and assuming an electron temperature T e = 10,000 K, we derive the electron density n e = 1900 cm −3 for the nebula, which is consistent with the previously reported range of 2,000 -10 4 cm −3 (Likkel et al. 1994 ) and 200 -10 5 cm −3 (Cohen & Jones 1987) .
Circumstellar diffuse interstellar bands
One of the unique aspect of IRAS 21282 is the presence of circumstellar diffuse interstellar bands (DIB). Previously, DIBs at λλ5780, 5797, 6177, 6203, 6270, and 6613Å have been detected by Cohen & Jones (1987) and Le Bertre & Lequeux (1992) . In Figure 4 , we show the detections of DIBs at λλ6498, 6613, and 7276Å. In addition, a new DIB band at 6525Å (first discovered in PN Tc 1, García-Hernández & Díaz-Luis 2013) is also detected in our spectrum. This feature may be related to larger fullerenes (e.g., C 80 , C 240 , C 320 , and C 540 ) and buckyonions in the circumstellar envelope.
A cool companion
Interestingly, molecular TiO absorptions at λλ7054, 7088, 7126Å characteristic of late-type stars can be seen in the spectrum. These TiO absorption bands suggest the presence of a cool companion to the exciting source of this nebula, raising the possibility that there may be a binary nucleus in IRAS 21282 (Cohen & Jones 1987; Meixner et al. 1993 ).
Spectral energy distribution
Young PNs often show strong infrared excess due to thermal emission of dust components and a significant fraction of their total energy output is emitted in the infrared (Zhang & Kwok 1991) . In order to determine the relative contributions of the photospheric, nebular gas, and dust components to the total observed fluxes for young PNs, we have constructed spectral energy distributions (SEDs) for IRAS 21282 ( Figure 5 ). The optical U, B, V, and R photometry of central star of IRAS 21282 are obtained from Cohen & Jones (1987) . Near-infrared photometry at I, L ′ , M, J, H, and K bands from ground-based and Two Micron All Sky Survey (2MASS) observations are taken from Kwok, Hrivnak, & Langill (1993) and 2MASS database, respectively. In the mid-infrared, data from Midcourse Space Experiment (MSX), IRAS, and AKARI Point Source Catalogues are used. We have also added photometric measurements derived from the infrared images form Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010) survey. Also plotted on Figure 5 are the Infrared Space Observatory (ISO) SWS and LWS observations of the object. Summaries of the photometric and spectroscopic data used are given in Tables 4 and 5, respectively 1 .
Total flux emitted by IRAS 21282
We can see from the SED that most of the flux from IRAS 21282 is emitted in the mid-infrared. If we take 1 We note that some filters are broad and color corrections may be needed for some flux densities given in Figure 5 and and assume that this is the peak of a blackbody, then the total emitted flux is approximately (λF λ ) peak /0.736 = 1.4 × 10 −8 erg cm −2 s −1 (Kwok 2007, p. 521) . Assuming a distance of 3.57 kpc, the total luminosity emitted by the object is 5600 L ⊙ . Since the observed SED is broader than a single-temperature blackbody, this value should be a minimum. If we plot the SED in units of F λ and sum up the area under the curve of the SED, the total flux is 1.6 × 10 −8 erg cm −2 s −1 , giving a luminosity of ∼ 6400 L ⊙ .
Evidence for a cool companion
The observed optical fluxes represent the sum of the reddened photospheric emission from the central star and nebular emissions. The gaseous nebular continuum is the sum of the bound-free (b−f ), free-free (f −f ), and two-photon emissions. We use the emission coefficients given in Kwok (2007) at a typical electron temperature T e = 10 4 K. At wavelengths longward of λ 2 mm, f − f emission dominates over dust emission. The emission measure of the nebular gas component can therefore be constrained by the observed f − f fluxes in the radio.
From the SED, we note that the observed WISE 3.4 µm and L ′ -band fluxes are higher than the expected near-infrared continuum. These excesses could be due to contribution from the 3.3 µm UIE band (Meixner et al. 1993; Hora, Latter, & Deutsch 1999) . UIE bands at 6.2, 7.7-7.9, 8.6, 11.3, 12.7, and 14.2 µm and a weak band at 6.0 µm be seen in the ISO spectrum (Hsia et al. 2016) .
The near-infrared continuum of the object cannot be fitted by the nebular gas component alone and must contain contributions from photospheric and/or hot dust components. In order to fit the optical and near infrared parts of the SED, we need two central stars of temperatures of 6,000 K and 25,000 K. Assuming a distance of 3.57 kpc, the respective luminosities of the two central stars are 1,900 and 5,400 L ⊙ . The total luminosity of the object (7,300 L ⊙ ) is higher than the earlier estimate of 6,400 L ⊙ because part of the radiation from the central star in the UV is not represented The IRAS 100 µm flux is an upper limit. The ISO SWS and LWS spectra are also plotted. The green curve represents the nebular gas b-f and f-f emissions. The blue curve is a dust continuum radiation transfer model (DUSTY (Ivezic, Nenkova, & Elitzur 1999) ) fit of the emergent flux. The excess in the ultraviolet part of the model curve is the reddened photosphere of the hot central star.
in the total observed fluxes. The near infrared (from 0.8 to 5 µm) emission from IRAS 21282 are due to the cool companion as well as emission from the dust torus. Most of the infrared flux (λ > 5µm) must originate from a much larger cool dust envelope extending far beyond the optical nebula.
3-D model simulations
From the results presented in Section 3.1, and 3.2, we suggest that IRAS 21282 is a young multipolar PN. In order to visualize its intrinsic structures, we have constructed a 3-D modeling using the software package SHAPE 2 (Steffen et al. 2011) , which is a morphokinematic modeling tool used to analyze the 3-D structures of gaseous nebulae. A 3-D multi-component model is constructed and the integrated emission intensities ( n 2 e dℓ) along the line of sight are compared with the observed surface brightness distribution in the HST images.
Our model of IRAS 21282 consists of five major components: four pairs of bipolar lobes and an equatorial dust torus. The observed three pairs of bipolar lobes (a−a ′ , b−b ′ , and c−c ′ ) are directly incorporated in the model. We also create another small pair of lobes with openings at the tips that is aligned along the plane of the sky. This pair of ionized bipolar lobes is identified as a distinct component since it can be seen in the Hα image (Figure 2 ), whereas the outer three lobes are only visible in the F606W broad-band image (Figure 1) . The inner bipolar component with a shell-like appearance is referred to as lobe g in Figure 1 (see Section 3.1). Assuming that the lengths of these three pairs of lobes are equal and lobe a−a ′ is perpendicular to the line of sight (at inclination angle θ = 0
• relative to the plane of the sky), we derive the inclination angles of lobes b − b ′ and c − c ′ to be −25
• and −14 • , respectively. In addition, we also include a toroidal structure as the counterpart of infrared torus seen in the HST NIC-MOS images. The center of this dust torus is set to the intersection of the four pairs of bipolar lobes. The orientation of dust torus is fitted to the locations of two bright peaks, which have a separation distance of about 1.
′′ 16. According to the spectroscopic measurements at H 2 2.12 µm (Davis et al. 2005 ) and our previous results, the inclination angle of observed torus is assumed to be 0
• (viewed edge-on). In our model, the bipolar lobe g is viewed side-on and its symmetry axis is perpendicular to the dust torus. After an inspection of the F606W and NICMOS images, three outer bipolar lobes 2 http://www.astrosen.unam.mx/shape/ (a − a ′ , b − b ′ , and c − c ′ ) and the dust torus of the nebula show no shell-like structure, these components are given a uniform density distribution. For the fourth pair of lobe seen in the Hα image (assumed to correspond to "g" in Figure 1 ), the central element has a bipolar shell structure and is assumed to be identical. The observed and model parameters of these structures are listed in Table 6 .
A comparison of the HST optical-infrared observations and corresponding model images are shown in Figure 6 , in which the model intensity distributions are convolved with a Gaussian to simulate the telescope beam. As we can see from the rendered images in Figure 6 (lower panels), our modeling gives a good approximation to observed images of IRAS 21282 and some basic observed features can be reasonably reproduced by SHAPE model.
Our model not only helps us to visualize the intrinsic 3-D structures of IRAS 21282 but can also predict what this object may look like when viewed from different orientations. In Figure 7 , we show a comparison of the projected model images of IRAS 21282 viewed from different angles and compare these results to the images of two other young multipolar PNs (IC 5117 and NGC 6790) . From Figure 7 , we note that the rendered images of IRAS 21282 differ from those of IC 5117 and NGC 6790. The bipolar lobes of IC 5117 and NGC 6790 show shell-like structures, they are modeled using identical bipolar shells, whereas the three pairs of bipolar lobes are constructed using a uniform density distribution for IRAS 21282. When the model is rotated to the right and next rotated 90
• counterclockwise, the three pairs of lobes appear closer together and the nebula resembles a central elliptical shell. The appearance of rotated model is similar to the young PN IC 5117 ). When the model is viewed from the bottom (pole-on), the object shows two pairs of distinct lobes and a bright ring, similar to the apparent structures of NGC 6790 ) and NGC 6644 ). This suggests that one single multipolar structure may have different apparent morphologies when viewed from different orientations. The statement that "each multipolar PN is unique" is therefore unlikely to be true as different 2-D morphologies may originate from the similar intrinsic 3-D structures (Chong et al. 2012) .
In the present exercise, we try to construct a 3-D model from its corresponding 2-D images, but the presented model just provides a possible morphological solution for the PN IRAS 21282. We should note that because of projection effects, it is possible that different 3-D models can lead to the images with a similar appearance. Only position-velocity (PV) diagrams obtained from spectroscopic observation can break this degeneracy. Further observations with integral field spectroscopy on large optical telescopes are needed to constraint our model. Manick et al. (2015) The possible presence of binary nuclei detected in multipolar PNs (Table 7 ) has led to suggestion that precessions of mass-losing star's rotation axis and jets with time-dependent ejection from the binary or multiple sub-stellar companions in the nuclei could need to the formation of multipolar PNs (García-Segura 1997; Velázquez et al. 2012) . It would be interesting to investigate further whether the binary nature of the central star of IRAS 21282 plays any role in the observed multipolar structure of this object.
Conclusions
From HST high-angular-resolution optical and nearinfrared observations, we have identified at least three pairs of bipolar lobes outside the main elliptical shell in the PN IRAS 21282. In addition, we find an infrared torus which is approximately perpendicular to the elliptical shell. A cylinderical shape structure found in the optical image could represent a fourth pair of bipolar lobes with a symmetry axis perpendicular to the dust torus.
The optical spectrum of the central star exhibits TiO absorption bands. Different emission lines show different RVs, which can be roughly divided into two groups. These results suggest the presence of a cool companion. A number of circumstellar DIBs are seen in the optical spectrum. It would be interesting to investigate whether the presence of the DIBs are related to the circumstellar UIE bands.
In order to illustrate the 3-D intrinsic structures of IRAS 21282, we have constructed a model that allows the visualization of the PN viewed from different orientations. The simulated rotated images of this object show that IRAS 21282 may have similar intrinsic structures as other multipolar PNs, suggesting that each multipolar PN is not unique and multipolar structures are common among PNs.
A significant fraction (∼ 44%) of multipolar PNs in our sample is found to have [WR]-type central stars. It would be interesting to explore whether the multinebular properties of these nebulae are related to the spectral properties of the central sources.
IRAS 21282 is another example of the growing list of multipolar PNs found as the result of higher sensitivity and dynamical range imaging. It is possible that the multipolar phenomenon is much more common than previously believed and multipolar nature of PNs may be a norm rather than an exception.
